Microchip systems in chemical and biological analysis have become very attractive in recent years. 1, 2 One of the key benefits considered by researches is low sample and reagents volume consumption.
However, for pressure-driven microfluidic applications, a "world-to-chip" interface still requires bulky mechanical elements that restrict the number of input-output ports per one chip, 3 or a complicated design with attached capillaries 2 that are not easily compatible with microfabrication techniques. Those issues are of importance for the simultaneous injection of different samples and reagents on a single chip, [3] [4] [5] [6] especially when the volume is in the microliter range, for example for PCR. 7, 8 The present article deals with the geometric optimization of input reservoirs, the adjustment of the surface properties of the injection ports using chemical modification techniques, and application of the microfluidic system to multiple samples loading in PCR microreactors using a single syringe pump.
Experimental
The topology and dimensions of a microfluidic chip with 9 injection ports, each connected with 9 microreactors and single output channel, are shown in Fig. 1a . Microchannels of 200 × 140 µm (W × D) and microreactors of 1.5 × 1.0 × 0.2 mm (L × W × D) were fabricated using the anisotropic chemical wet etching of a silicon substrate, followed by anodic bonding with glass plate. 4, [7] [8] [9] Injection ports were etched as through holes from the opposite side of Si to access the channels, and were arranged in 3 by 3 matrix with 4.5 mm pitch in order to be compatible with a 384-well plate format. A syringe pump (Lumex) was attached to a single output port via a microfluidic connector (Upchirch Technologies). Samples were pipetted directly onto injection ports of the chip from the Si side using a manual pipette (0.5 -10 µL). During sample transport to microreactors, the syringe pump was operated in the suction mode with a 0.2 -5 µL/s flow rate.
Detection was accomplished by using a fluorescent microscopy set-up, described elsewhere, 4 with a cooled CCD camera (Electron-Optronic) as an imaging device and a bluelight emitting diode (LumiLEDs) as an excitation source.
As a test sample for injection, a mixture of reagents for RealTime PCR (human genomic DNA, Syntol) was used.
A surface modification of Si-glass microchips was performed using a 50 v/v% solution of dichlorodimethylsilane (DCDMS) and a 20% solution of chlorodimethyloctadecylsilane (CDMOS) (Acros Organics) in dry toluene, similarly to a method described previously. 10 The outer chip surface and internal microfluidic structures were pretreated by ∼75% perchloric acid for 2 -3 h at 130 -140˚C. Chips were successively washed with water, acetone, dried at 80˚C for 5 min and then rinsed with dry toluene. Microfluidic structures were filled with aliphatic silane solutions and incubated for 1 h at 25˚C. After a surface modification, the chips were rinsed successively with dry toluene and with water, acetone and dried at 25˚C. Optimization of geometry and surface modification of microchip input reservoirs were performed to achieve uninterferenced pressure-induced sample injection of multiple samples into microreactors using a single syringe pump. Nine samples of 3.5 µL were pipetted onto input reservoirs and loading of PCR mixture into 260 nL microreactors was achieved followed by successful PCR amplification, confirming that no cross-contamination occurs during injection. 
Results and Discussion
A first design of input reservoirs is shown in Fig. 1b . When aqueous samples of 1 -2 µL were pipetted onto those ports, air bubbles were observed in microreactors, since some samples were quickly consumed at the beginning of suction by a syringe pump, while the others were still at their start position. By increasing the sample volume to 3 -9 µL, we overcome bubble formation, but in this case liquid droplets from different reservoirs were merged together due to a wetting effect.
In order to avoid cross-contamination of samples during injection, the input port geometry was modified, as shown in Fig. 1c . Due to the enlarged area of the upper part of the port, successful loading of samples in microreactors was observed with an optimum sample volume of 4 µL. A smaller sample volume led to bubble formation, whereas larger volumes resulted in the spontaneous mixing of neighboring samples on the surface of the microchip.
To minimize the wetting effect, a chemical modification of Si was performed, so the surface of the chip became hydrophobic. 10 The contact angles of water at the Si surfaces were found to be 45 -50˚, 75 -80˚ and 85 -90˚ for untreated chips, after CDMOS and DCDMS modifications, respectively. Since the DCDMS surface resulted in larger contact angles, and also showed enhanced stability (boiling in water for 2 h without any contact angle deterioration), DCDMS was chosen as an optimal surface modifier. Figure 2 shows the behavior of 8 µL PCR mixture samples pipetted onto input ports of the untreated chip and surfacemodified chip (Figs. 2a, c) . Profiles of the droplets are shown in Figs. 2b and 2d , respectively. A modification with DCDMS renders the surface hydrophobic, as compared to untreated silicon, and one can avoid cross-contamination of samples even with a relatively large volume.
Using silanized chips, successful loading to microreactors was achieved with the sample volume down to 1 µL. The 1 µL volume was just enough to cover the 0.7 × 0.7 mm input hole of the injection port (Fig. 1c) , and due to hydrophobic surface the droplet was located exactly at the top of the hole and injected successfully. Thus, the working range of the sample volumes was determined to be 1 -10 µL per single input port.
The insert in Fig. 3 shows a result of PCR mixture loading into microreactors with a volume of 260 nL using a surfacemodified chip, when 3.5 µL was pipetted onto input reservoirs.
The initial fluorescence of samples allows monitoring the successful filling of all 9 microreactors, which is achieved without air-bubble formation. Figure 3 shows Real-Time PCR curves for samples containing DNA (positive control) and no DNA (negative control) injected on the surface-modified chip, thus confirming that no cross-contamination occurs during injection.
Although further research is necessary, we showed that the proposed procedure of multiple samples injection and loading using a single syringe pump works well after geometry optimization and a surface modification of the input ports. This approach could be implemented not only for PCR, but also for similar biochemical reactions, 6 and even for multiple sample microfluidic liquid-liquid extraction, [3] [4] [5] which requires a pressure-induced flow, and is currently under investigation.
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